Mindfulness is paying attention, non-judgmentally, to experience in the moment. Mindfulness training reduces depression and anxiety and influences neural processes in midline self-referential and lateralized somatosensory and executive networks. Although mindfulness benefits emotion regulation, less is known about its relationship to anger and the corresponding neural correlates. This study examined the relationship of mindful awareness and brain hemodynamics of angry face processing, and the impact of mindfulness training. Eighteen healthy volunteers completed an angry face processing fMRI paradigm and measurement of mindfulness and anger traits. Ten of these participants were recruited from a Mindfulness-Based Stress Reduction (MBSR) class and also completed imaging and other assessments post-training. Self-reported mindful awareness increased after MBSR, but trait anger did not change. Baseline mindful awareness was negatively related to left inferior parietal lobule activation to angry faces; trait anger was positively related to right middle frontal gyrus and bilateral angular gyrus. No significant pre-post changes in angry face processing were found, but changes in trait mindful awareness and anger were associated with sub-threshold differences in paralimbic activation. These preliminary and hypothesis-generating findings, suggest the analysis of possible impact of mindfulness training on anger may begin with individual differences in angry face processing.
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A B S T R A C T
Mindfulness is paying attention, non-judgmentally, to experience in the moment. Mindfulness training reduces depression and anxiety and influences neural processes in midline self-referential and lateralized somatosensory and executive networks. Although mindfulness benefits emotion regulation, less is known about its relationship to anger and the corresponding neural correlates. This study examined the relationship of mindful awareness and brain hemodynamics of angry face processing, and the impact of mindfulness training. Eighteen healthy volunteers completed an angry face processing fMRI paradigm and measurement of mindfulness and anger traits. Ten of these participants were recruited from a Mindfulness-Based Stress Reduction (MBSR) class and also completed imaging and other assessments post-training. Self-reported mindful awareness increased after MBSR, but trait anger did not change. Baseline mindful awareness was negatively related to left inferior parietal lobule activation to angry faces; trait anger was positively related to right middle frontal gyrus and bilateral angular gyrus. No significant pre-post changes in angry face processing were found, but changes in trait mindful awareness and anger were associated with sub-threshold differences in paralimbic activation. These preliminary and hypothesis-generating findings, suggest the analysis of possible impact of mindfulness training on anger may begin with individual differences in angry face processing.
Introduction
Mindfulness is the focused, nonjudgmental awareness of experience in the present moment (Kabat-Zinn, 2003) . Through emphasis on nonattachment to outcome, it brings about better health and wellbeing over time (Kabat-Zinn, 2003) . Controlled outcome studies indicate that mindfulness training enhances physical and emotional well-being in a number of serious medical conditions (Goyal et al., 2014; Grossman et al., 2004) . Mindfulness-based therapy, including Mindfulness-Based Stress Reduction (MBSR; Kabat-Zinn, 1990 ), has shown efficacy in reducing negative emotional states, including that of depression and anxiety (Hofmann et al., 2010; Khoury et al., 2013) , with associated hemodynamic changes in the brain (Farb et al., 2010; Goldin et al., 2009) . Mindfulness practice has also been shown to reduce anger (Heppner et al., 2008; Singh et al., 2011) ; however, there is no known research on the association of trait mindfulness with neural processing of anger stimuli or the impact of mindfulness training on this processing.
Neuroimaging research has identified notable effects of mindfulness practice on brain structure and function (Tang et al., 2015) , including greater cortical thickness (especially in the right frontal-insular regions) in meditators with decades of experience (Lazar et al., 2005) , and increased activation of the right frontal-parietal-insular network among recently MBSR-trained meditators (Farb et al., 2007) . Farb et al., (2010 Farb et al., ( , 2013 revealed evidence for restored balance in the dynamic neural systems across which negative affect is processed when depression is reduced post-MBSR. Compared to waitlisted controls during sadness provocation, MBSR participants with depression demonstrated less activation along the cortical midline self-referential regions and leftlateralized language/conceptual centers, and more recruitment (or less deactivation) of the right-lateralized visceral and somatosensory areas (Farb et al., 2010) . Similar neural mechanisms were found to operate for the negative affective state of anxiety (Goldin and Gross, 2010; Goldin et al., 2009 ).
